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Description 

[ORGANIC ELECTROLUMINESCENCE 
DEVICE AND MANUFACTURING METHOD 

THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92129999, filed October 29, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to an organic electrolumi- 
nescence (OEL) deviceand a manufacturing method 
thereof. More particularly, the present invention relates to 
an organic electroluminescent device having an excellent 
luminous efficiency, long service lifeand high brightness, 
and a manufacturing method thereof. 

[0004] Description of the Related Art 

[0005] | n recent years, computer, communication and consumer 
(3C) products have become the major trend of high tech- 



nology. More particularly, the portable electronic devices 
are also the essential products of development. Essen- 
tially, a display device is required in all of the products. To 
date, the display may be classified into an organic electro- 
luminescent display (OELD), a plasma display panel (PDP), 
a liquid crystal display (LCD), a light emitting diode dis- 
play, a vacuum fluorescent display, a field emission dis- 
play (FED) and an electro-chromic display. Among the 
above mentioned displays, the organic electroluminescent 
display, has the advantages of self-luminance, no view 
angle dependence, low power consumption, simple man- 
ufacturing process, low cost, low operation temperature 
range, high response speed and high full color resolution 
etc. Therefore, the organic electroluminescent display has 
huge potential applications and has become the main 
trend for the next generation displays. 
[0006] The organic electroluminescent device performs display 
by using the self-luminescent property of the organic lu- 
minescent material. The structure of the organic electro- 
luminescent device includes at least two electrodes and an 
emitting layer (EMT) between the electrodes. When a cur- 
rent is applied via the diode and the cathode, electron 
holes from the anode and electrons form the cathode are 



combined in the emitting layer, and excitons are gener- 
ated, therefore, lights having a variety of colors can be 
generated by using a variety of materials having different 
properties. The above description describes the emitting 
principle of electroluminescence. In order to improve the 
luminous efficiency of the organic electroluminescent de- 
vice, the organic luminescent layer may be formed from 
the small molecules of the organic electroluminescence by 
the vacuum evaporation method. A structure of a conven- 
tional organic electroluminescent device is described in 
the following. 

[0007] FIG. 1 is a cross-sectional view schematically illustrating a 
conventional organic electroluminescent device. Referring 
to FIG. 1, a conventional electroluminescent device 100 
includes a substrate 110, an anode 120 formed on the 
substrate 110, a emitting layer 130 formed on the anode 
120, and a cathode 140 formed on the emitting layer 130. 
Moreover, a cover 160 is formed on the cathode 140 for 
covering and packaging the organic electroluminescent 
device 100. 

[0008] | n order to emit a white light from the conventional or- 
ganic electroluminescent device 100, the emitting layer 
130 is generally constructed by a blue emitting layer 132 



and a reddish orange emitting layer 134. Therefore, a 
white light is generated by the blue light and reddish or- 
ange light that are complementary color. However, be- 
cause the service life of the conventional blue emitting 
material is short, i.e., the decay of the blue light emitting 
material is faster than that of the reddish orange emitting 
material. Therefore.when the blue emitting layer 130a 
starts to decay, the white light emitted from the organic 
electroluminescent device 100 will have chromatic aberra- 
tion. 

Summary of Invention 

[0009] Therefore, one object of the present invention is to pro- 
vide an organic electroluminescent device having an ex- 
cellent luminous efficiency, long service lifeand high 
brightness by providing a dark-blue emitting layer and a 
light-blue emitting layer, and manufacturing method 
thereof. 

[0010] | n order to achieve the above objects and other advan- 
tages of the present invention, an organic electrolumines- 
cent device is provided. The organic electroluminescent 
device includes a substrate, an anode, an emitting layer 
and a cathode. The anode is disposed on the substrate, 
and the emitting layer is disposed on the anode. The 



emitting layer includes a blue emitting layer and a reddish 
orange emitting layer, and the blue emitting layer includes 
a dark-blue emitting layer and a light-blue emitting layer. 
The cathode is disposed on the emitting layer. 

[0011] | n a preferred embodiment, the blue emitting layer is, for 
example but not limited to, disposed on the anode, and 
the reddish orange emitting layer, for example but not 
limited to, is disposed between the blue emitting layer 
and the cathode. The dark-blue emitting layer, for exam- 
ple but not limited to, is disposed on the anode, and the 
light-blue emitting layer, for example but not limited to, 
is disposed between the dark-blue emitting layer and the 
reddish orange emitting layer. Alternatively, the light-blue 
emitting layer, for example but not limited to, is disposed 
on the anode, and dark-blue emitting layer, for example 
but not limited to, is disposed between the light-blue 
emitting layer and the reddish orange emitting layer. 

[0012] | n another preferred embodiment, the reddish orange 
emitting layer may also be disposed on the anode, and 
blue emitting layer is disposed between the reddish or- 
ange emitting layer and the cathode. The dark-blue emit- 
ting layer is on the reddish orange emitting layer, and the 
light-blue emitting layer is disposed between the dark- 



blue emitting layer and the cathode. Alternatively, the 
light-blue emitting layer is disposed on the reddish or- 
ange emitting layer, and the dark-blue emitting layer is 
disposed between the light-blue emitting layer and the 
cathode. 

[0013] | n order to achieve the above objects and other advan- 
tages of the present invention, a manufacturing method of 
an organic electroluminescent device is provided. The 
manufacturing methodincludes, for example but not lim- 
ited to, the following steps. First, an anode is formed on a 
substrate. Next, an emitting layer is formed on the anode, 
wherein the emitting layer includes a blue emitting layer 
and a reddish orange emitting layer, and the blue emitting 
layer includes a dark-blue emitting layer and a light-blue 
emitting layer. Then a cathode is formed on the emitting 
layer. 

[0014] | n a preferred embodiment, the method of forming the 
emitting layer includes, for example but not limited to, 
forming a blue emitting layer on the anode, and forming a 
reddish orange emitting layer on the blue emitting layer. 
The method of forming the blue emitting layer includes, 
for example but not limited to, forming dark-blue emit- 
ting layer on the anode, and forming light-blue emitting 



layer on the dark-blue emitting layer. Alternatively, the 
method of forming the blue emitting layer includes, for 
example but not limited to, forming light-blue emitting 
layer on the anode, and then forming dark-blue emitting 
layer on the light-blue emitting layer. 

[0015] | n another preferred embodiment, the method of forming 
the emitting layer includes, for example but not limited 
to, forming reddish orange emitting layer on the anode, 
and then forming a blue emitting layer on the reddish or- 
ange emitting layer. The method of forming the blue 
emitting layer includes, for example but not limited to, 
forming a dark-blue emitting layer on the reddish orange 
emitting layer, and then forming light-blue emitting layer 
on the dark-blue emitting layer. Alternatively, the method 
of forming the blue emitting layer includes, for example 
but not limited to, forming a light-blue emitting layer on 
the reddish orange emitting layer, and then forming dark- 
blue emitting layer on the light-blue emitting layer. 

[0016] Accordingly, the blue emitting layer includes a dark-blue 
emitting layer and light-blue emitting layer, and the dark- 
blue emitting layer has an excellent blue light color and 
brightness, and the light-blue emitting layer has a high 
luminous efficiency and a long service life, Therefore, the 



organic electroluminescent device of the present invention 
has the advantages of having brighter blue color, high 
brightness, high luminous efficiency and long service life. 
[0017] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0018] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0019] FIG. 1 is a cross-sectional view schematically illustrating a 
conventional organic electroluminance device. 

[0020] FIGS. 2A to 2D are cross-sectional views illustrating four 
organic electroluminescence devices having a white light 
according to the preferred embodiments of the present 
invention. 

[0021] FIG. 3A is a spectrum of the light emitted from a dark- 
blue emitting layer, a light-blue emitting layer and a 
dark-blue emitting layer combined with a light-blue emit- 



ting layer. 

[0022] FIG. 3B is a diagram illustrating the lifetime of the emitted 
light from a dark-blue emitting layer and a dark-blue 
emitting layer combined with a light-blue emitting layer. 

[0023] FIGS. 4A to 4K are the chemical structure of the host and 
the dopant of the blue emitting layer according to a pre- 
ferred embodiment of the present invention. 
Detailed Description 

[0024] The present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0025] FIG. 2A to FIG. 2D are cross-sectional views illustrating 
four organic electroluminescent devices emitting a white 
light according to the preferred embodiments of the 
present invention. First, referring to FIG. 2A, the organic 
electroluminescent device 200 includes, for example but 



not limited to, a substrate 210, an anode 220, an emitting 
layer 230and a cathode 240. The substrate 210 includes, 
for example but not limited to, a glass substrate, a plastic 
substrate or a flexible substrate. The anode 220 is dis- 
posed on the substrate 210. Since the anode 220 is pro- 
vided for injecting electron holesinto the emitting layer 
230 effectively, it is preferable that the material of the an- 
ode 210 has a higher work function. The material of the 
anode 220 includes, for example but not limited to, an in- 
dium tin oxide (ITO), tin oxide, gold (Au), silver (Ag), plat- 
inum (Pt) or copper (Cu). The emitting layer 230is dis- 
posed on the anode 220, and the cathode 240is disposed 
on the emitting layer 230. The cathode 240 is provided 
for injection the electrons into the emitting layer 230 ef- 
fectively. The cathode 240 includes, for example but not 
limited to, a single conductive layer, and the material of 
the cathode 240 includes, for example but not limited to, 
an aluminum (Al), calcium (Ca), magnesium (Mg)or silver 
(Ag) that has a low work function. The cathode 106 may 
be double conductive layers, and the material of the cath- 
ode 106 includes, for example but not limited to, lithium 
fluoride/aluminum, barium/aluminum, magnesium/silver, 
calcium/silver. 



[0026] Moreover, the emitting layer 230 may include, for exam- 
ple but not limited to, a blue emitting layer 232and a red- 
dish orange emitting layer 234. Since the blue light emit- 
ted from the blue emitting layer 232and the reddish or- 
ange light emitted from the reddish orange emitting layer 
234 are complementary color, an organic electrolumines- 
cent device 200 emitting a white light can be achieved. 

[0027] | t j S noted that in the present invention, the blue emitting 
layer 232 may include, for example but not limited to, a 
dark-blue emitting layer 232a and a light-blue emitting 
layer 232b. FIG. 3A is a spectrum of the light emitted from 
a dark-blue emitting layer, a light-blue emitting layer and 
a dark-blue emitting layer combined with a light-blue 
emitting layer. FIG. 3B is a diagram illustrating the service 
life of the emitted light from a dark-blue emitting layer 
and a dark-blue emitting layer combined with a light-blue 
emitting layer. In FIG. 3A, the horizontal axis is wave- 
length and the vertical axis is light intensity. It is noted 
that, in curve C3, the wavelength of the light emitted from 
the dark-blue emitting layer is shorter, therefore a blue 
color having a better brightness and performance is ob- 
tained after passing through the color filter. In addition, in 
curve CI, the light emitted from the light-blue emitting 



layer includes a portion of blue light and a portion of 
green light, and the curve CI can be provided for enhanc- 
ing the luminous efficiency and the whole brightness of 
the white light organic electroluminescent device. In curve 
C2, when the dark-blue emitting layer and the light-blue 
emitting layer are provided simultaneously, the color 
gamut of the blue light is widest. Next, in FIG. 3B, the 
horizontal axis is time and the vertical axis is light inten- 
sity. A light-blue emitting layer having a more stable 
morphology has a longer service life and can stabilize the 
adjacent material layer. 
[0028] | n the embodiments of the emitting layer of the invention, 
the blue emitting layer 232, for example but not limited 
to, is disposed on the anode 220 andthe reddish orange 
emitting layer 234, for example but not limited to, is dis- 
posed between the blue emitting layer 232and the cath- 
ode 240. Referring to FIG. 2A, the dark-blue emitting 
layer 232a, for example, is disposed on the anode 220, 
and the light-blue emitting layer 232b, for example, is 
disposed between the dark-blue emitting layer 232aand 
the reddish orange emitting layer 234. Alternatively, re- 
ferring to FIG. 2B, the light-blue emitting layer 232b, for 
example, is disposed on the anode 220, and the dark- 



blue emitting layer 232a, for example but not limited to, 
is disposed between the light-blue emitting layer 
232band the reddish orange emitting layer 234. 

[0029] Alternatively, the reddish orange emitting layer 234 may 
also be disposed on the anode 220, and the blue emitting 
layer 232 may be, for example, disposed between the 
reddish orange emitting layer 234and the cathode 240. 
Referring to FIG. 2C, the dark-blue emitting layer 232a, 
for example but not limited to, is disposed on the reddish 
orange emitting layer 234, and the light-blue emitting 
layer 232b, for example but not limited to, is disposed 
between the dark-blue emitting layer 232aand the cath- 
ode 240. In addition, Referring to FIG. 2D, the light-blue 
emitting layer 232b, for example but not limited to, is 
disposed on the reddish orange emitting layer 234, and 
the dark-blue emitting layer 232a, for example but not 
limited to, is disposed between the light-blue emitting 
layer 232band the cathode 240. 

[0030] Moreover, the organic electroluminescent device 200 in- 
cludes, for example but not limited to, a cover 260. The 
cover 260, for example, is disposed over the cathode 240 
for covering and packaging the whole device. 

[0031] | n the present invention, the current applied to the or- 



ganic electroluminescent device 200 is generally a direct 
current (DC), or a pulse current or a alternating current 
(AC). Moreover, the light of the organic electroluminescent 
device 200, for example but not limited to, is emitted via 
the anode 220, or via the cathode 240. 

[0032] Referring to FIG. 2A, the organic electroluminescent de- 
vice 200 further includes, for example but not limited to, 
a hole-injecting layer (HIL) 272, a hole-transporting layer 
(HTL) 274, an electron-transporting layer (ETL) 276 and 
an electron-injecting layer (EIL) 278. The hole-injecting 
layer (HIL) 272, for example but not limited to, is disposed 
between the emitting layer 230and the anode 220. The 
hole-transporting layer (HTL) 274, for example but not 
limited to, is disposed between the emitting layer 230and 
the hole-injecting layer (HIL) 272. Moreover, the electron- 
transporting layer (ETL) 276, for example but not limited 
to, is disposed between the emitting layer 230and the 
cathode 240. The electron-injecting layer (EIL) 278, for 
example but not limited to, is disposed between the cath- 
ode 240and the electron-transporting layer (ETL) 276. 

[0033] Moreover, the material of the host of the blue emitting 
layer 232 includes a 9,10-diarylanthracene as shown in 
FIG. 4A, wherein Ar and Ar" are aryl groups and R is alkyl 



group oraryl group. The 9,10-diarylanthracene includes, 
for example but not limited to, a9,10-diphenylanthracene 
(DPA), a 9,10-bis(2-naphthalenyl) anthracene (ADN) or a 
2-(l,l-dimethyl)-9,10-bis(2-naphthalenyl) anthracene 
(TBADN) as shown in FIGS. 4B to 4D sequentially. The host 
of the blue emitting layer 232 may also includes, for ex- 
ample but not limited to, distyrylarylene (DSA) as shown in 
FIG. 4E,wherein Ar, Arl, Ar2, Ar3 and Ar4 are aryl groups. 
The distyrylarylene (DSA) includes, for example but not 
limited to, a DPVBi or a 

9,10-bis[4-(2,2-diphenylethenyl)phenyl]anthracene as 
shown in FIG. 4F and FIG. 4G. Moreover, the dopant of the 
blue emitting layer 232 includes, for example but not lim- 
ited to, an amino substituted distyrylarylene (DSA-amine) 
as shown in FIG. 4H or FIG. 41, or a perylene compound as 
shown in FIG. 4J or FIG. 4K. Whether the emitting layer is a 
dark-blue emitting layer 232a or a light-blue emitting 
layer 232b is decided by the doping concentration of the 
dopant, wherein the doping concentration is, for example 
but not limited to, in a range of about 0.01% to about 
50%. 

[0034] Next, referring to FIG. 2Ato FIG. 2D, the manufacturing 
method of the organic electroluminescence device 200 of 



the present invention is provided. The manufacturing 
method includes the following steps. First, an anode 220 
is formed on the substrate 210. Next, an emitting layer 
230 is formed on the anode 220. The emitting layer 230 
may includes, for example but not limited to, a blue emit- 
ting layer 232and a reddish orange emitting layer 234. 
Moreover, the blue emitting layer 232 may include a dark- 
blue emitting layer 232a and a light-blue emitting layer 
234a. Then a cathode 240 is formed on the emitting layer 
230. In addition, the method of forming the anode 
220and the cathode 240 includes, for example but not 
limited to, an evaporation method or a sputtering method. 
[0035] Moreover, the method of forming the emitting layer 230 
includes, for example but not limited to, the following 
four methods. (a)A dark-blue emitting layer 232a, a light- 
blue emitting layer 232b and a reddish orange emitting 
Iayer234 are sequentially formed on the anode 220 as 
shown in FIG. 2A. (b)A light-blue emitting layer 232b, a 
dark-blue emitting layer 232a and a reddish orange emit- 
ting layer 234 are sequentially formed on the anode 220 
as shown in FIG. 2B. (c) A reddish orange emitting layer 
234, a dark-blue emitting layer 232a and a light-blue 
emitting layer 232b are sequentially formed on the anode 



220 sequentiallyas shown in FIG. 2C. (d)A reddish orange 
emitting layer 234, a light-blue emitting layer 232b and a 
dark-blue emitting layer 232a are sequentially formed on 
the anode 220 sequentially as shown in FIG. 2D. More- 
over, the method of forming each color emitting layer in- 
cludes, for example but not limited to, an evaporation 
method or a coating method. 
[0036] | n addition, the manufacturing method of the organic 
electroluminescent device 200 of the present invention 
further includes, for example but not limited to, sequen- 
tially forming a hole-injecting layer (HIL) 272 and a hole- 
transporting layer (HTL) 274 after the step of forming the 
anode 220 butbefore the step of forming the emitting 
layer 230. Alternatively, the manufacturing method further 
includes, for example but not limited to, sequentially 
forming an electron-transporting layer (ETL) 276 and an 
electron-injecting layer (EIL) 278 after the step of forming 
the emitting layer 230 butbefore the step of forming the 
cathode 240. The method of forming the hole-injecting 
layer (HIL) 272, hole-transporting layer (HTL) 274, elec- 
tron-transporting layer (ETL) 276 and electron-injecting 
layer (EIL) 278 include, for example but not limited to, a 
spin coating method. 



[0037] Accordingly, since the organic electroluminescent device 
of the present invention provides a light-blue emitting 
layer and a dark-blue emitting layer, the performance of 
the blue color, the luminous efficiency and the whole 
brightness thereof are excellent. Moreover, the service life 
of the blue light is longer than that of the conventional 
organic electroluminescent device, thus the chromatic 
aberration can be prevented. 

[0038] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



